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(57) ABSTRACT

A battery module includes a plurality of battery cells aligned
in one direction, each battery cell having a vent portion, and
a cover covering the vent portions of the battery cells, the
cover including a gas outlet at a first end of the cover, and a top
surface having a gradually decreasing slope from the first end
ol the cover to a second end of the cover opposite the first end.

18 Claims, 4 Drawing Sheets
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1
BATTERY MODULLE

BACKGROUND

1. Field

Example embodiments relate to a battery module including,
a plurality of battery cells.

2. Description of the Related Art

A high-power battery module using a non-aqueous elec-
trolyte with high energy density has recently been developed.
The high-power battery module 1s configured as a large-
capacity battery module manufactured by connecting a plu-
rality of battery cells in series so as to be used 1n driving
motors of devices requiring high power, e.g., electric vehicles
and the like.

A battery cell includes an electrolyte and an electrode
assembly composed of a positive plate and a negative elec-
trode plate, and generates energy through an electrochemical
reaction of these electrode plates and the electrolyte. Gas may
be generated as a side reaction of the electrochemical reaction
in the iterior of the battery cell. Therefore, a battery module
may be provided with a gas tlow path, a gas outlet, and the
like, so as to effectively treat gas generated 1n a plurality of
battery cells.

SUMMARY

Embodiments are directed to a battery module capable of
casily controlling gas generated from a plurality of battery
cells.

According to an example embodiment, a battery module
may include a plurality of battery cells aligned 1n one direc-
tion, each battery cell having a vent portion, and a cover
covering the vent portions of the battery cells, the cover
including a gas outlet at a first end of the cover, and a top
surface having a gradually decreasing slope from the first end
of the cover to a second end of the cover opposite the first end.

The battery module may further include at least one rib on
the top surface of the cover.

A bottom surface of the rib may be facing the top surface of
the cover and 1s configured to compensate for the slope of the
top surface of the cover, a top surface of the rib being parallel
with a bottom surface of the cover.

The rib may have a gradually increasing height from the
first end of the cover toward the second end of the cover, a
distance between a top surface of the rib and a bottom surface
of the cover being constant.

The battery module may further include at least one rein-
forcing member on the top surface of the cover and intersect-
ing the at least one rib.

The cover may have a hexahedral shape with an opeming in
a bottom surface, the bottom surface of the cover being oppo-
site the top surface and facing the vent portions.

The cover may define a gas tlow path 1n fluid communica-
tion with the gas outlet and vent portions of the battery cells,
the gas path being enclosed between the cover and the battery
cells.

The battery module may further include an insulating
member on the vent portions, the msulating member being
between the cover and the battery cells.

The msulating member may be a single body overlapping
the entire cover and vent portions.

The insulating member may have a plurality of openings at
regions corresponding to the vent portions.

The msulating member may include a heat-resistant mate-
rial.

The msulating member may be a gasket.
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The battery module may further include a housing config-
ured to accommodate the plurality of battery cells.

The housing may include a pair of end plates spaced apart
from each other, the plurality of battery cells being positioned
between the end plates, and at least one connecting member
connecting the pair of the end plates to each other.

The connecting member may include side brackets con-
necting side surfaces of the pair of the end plates, and a
bottom bracket connecting bottom surfaces of the end plates.

The cover may have a gradually decreasing height from the
first end toward the second end, the height being measured
along a direction normal to a plane of the vent portions.

The top surface of the cover may face away from the vent
portions and overlap all the vent portions.

The battery module may further include an insulating
member between the cover and the vent portions, the msulat-
ing member being directly attached to the cover, and the cover
having a hollow 1nterior 1in fluid communication with the vent
portions through openings in the insulating member.

The top surface of the cover may be sloped at a constant
angle.

The battery module may further include a sloped rib on the
top surface of the cover, the rib being sloped at the constant
angle and positioned to complement the slope of the top
surtace of the cover.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages will become
more apparent to those of ordinary skill in the art by describ-
ing in detail exemplary embodiments with reference to the
attached drawings, 1n which:

FIG. 1 1llustrates a perspective view of a battery module
according to an embodiment.

FIG. 2 1llustrates an exploded perspective view of the bat-
tery module 1n FIG. 1.

FIG. 3A 1llustrates an enlarged perspective view of a cover
in the battery module of FIG. 1.

FIG. 3B illustrates a perspective view of the cover i FIG.
3 A, when 1t 1s rotated about the x-axis.

FIG. 4 1llustrates a cross-sectional view taken along line
A-A' of FIG. 1.

DETAILED DESCRIPTION

Korean Patent Application No. 10-2011-0037307, filed on
Apr. 21, 2011, in the Korean Intellectual Property Office, and
entitled: “Battery Module” 1s incorporated by reference
herein 1n 1ts entirety.

Example embodiments will now be described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled 1n the art.

In the drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It waill
also be understood that when a layer (or element) 1s referred
to as being “on” another layer or substrate, 1t can be directly
on the other layer or substrate, or intervening layers (or ele-
ments) may also be present. In addition, it will also be under-
stood that when a layer (or element) 1s referred to as being
“between’ two layers, it can be the only layer between the two
layers, or one or more intervening layers (elements) may also
be present. Like reference numerals refer to like elements
throughout.
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Hereinafter, exemplary embodiments will be described
with reference to FIGS. 1-4.

FIG. 1 1s a perspective view of a battery module according
to an embodiment. FIG. 2 1s an exploded perspective view of
the battery module i FIG. 1. FIG. 3A 1s an enlarged perspec-

tive view of a cover 1in FIG. 1. FIG. 3B 1s a perspective view
of a left-rotated cover of FIG. 1. FIG. 4 1s a cross-sectional
view along line A-A' of FIG. 1.

Referring to FIGS. 1-2, a battery module 100 according to
an embodiment may include a plurality of battery cells 10,
¢.g., each battery cell 10 having a vent portion 13, aligned 1n
one direction, and a cover 120 that covers the vent portions
13. As illustrated 1n FIG. 3A, the battery module 100 may
turther include a gas outlet 121 provided at a first end 120c¢ of
the cover 120. As further illustrated 1n FI1G. 3A, a top surface
120a of the cover 120 may be sloped, 1.e., have a decreasing,
¢.g., gradually decreasing, slope a, from the first end 120¢ of
the cover 120 toward a second end 1204, 1.¢., an end posi-
tioned opposite to the first end 120c¢, of the cover 120 (see
slope a of the top surface 120a relative to the dashed line 1n
FIG. 3A). As such, as illustrated 1n FIG. 3B, a height of the
cover 120 along the y-axis may gradually, 1.e., evenly and
slowly, decrease, so a height H1 of the cover 120 along the
y-axi1s at the first end 120c may be larger than a height H2 of
the cover 120 along the y-axis at the second end 120d. For
example, the cover 120 may be sloped at a constant angle. It
1s noted that the heights H1, H2, as well as the slope of the top
surface, are determined relative to a plane supporting the
battery module 100, e.g., relative to the bottom surface 1205
of the cover 120.

At least one rib 125 may be formed on the top surface 120qa
of the cover 120, ¢.g., the rib 125 may extend along the x-axis
on the top surface 120a of the cover 120. A bottom surface
12556 of the rib 125 may be formed to compensate for, e.g.,
complement, the slope of the top surface 120a of the cover
120. That 1s, contrary to the slope of the cover 120, the bottom
surface 123556 of the rib 125 may have a gradually increasing
slope from a first end 125¢ to a second end 1254, 1.e., an end
opposite the first end 125¢. In other words, a height of the rnib
125 along the y-axis may gradually increase, 1.e., the height of
the nb 125 along the y-axis at the first end 125¢ may be
smaller than the height of the rib 125 along the y-axis at the
second end 125d. As such, the bottom surface 1255 of the rib
125 may be formed to compensate for the slope of the top
surface 120a of the cover 120, so that a top surface 125a of the
r1b 125 and a bottom surface 1206 of the cover 120 are parallel
with each other. That 1s, the slopes of the cover 120 and rib
125 may be at a substantially same angle but opposite direc-
tions, so a distance between the top surface 1254q of therib 125
and the bottom surface 1205 of the cover 120 may remain
constant.

As described above, the rib 125 1s formed to compensate
tor a low slope at portion of the cover 120 of which the slope
1s low, thereby enduring high pressure 1n exhaustion of gas.
Further, as the rib 125 imparts a flat structure to the cover 120,
1.e., as an overall combined structure of the rib 125 with the
cover 120 1s hexahedral without irregularities, 1n a case where
a plurality of battery modules 100 1s vertically arranged, 1t
may be possible to facilitate coupling between adjacent bat-
tery modules 100 as all the battery modules 100 may have a
substantially same flat shape.

Meanwhile, a reinforcing member 125¢ perpendicular to a
length direction of the rib 125 may be further formed on the
top surtace 120a of the cover 120. The reinforcing member
125¢ may be disposed to intersect a plurality of ribs 125
arranged at a predetermined 1nterval, thereby reinforcing the
rigidity of the ribs 125.
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Reterring to FIGS. 3B and 4, the cover 120 may be formed
in a shape of a hexahedron having an open bottom surface
12056. In other words, as illustrated 1n FIG. 3B, the bottom
surface 1205 may be a lowermost edge of the cover 120 that
defines, e.g., a rectangular, frame around a, e.g., rectangular,
opening 120e. The cover 120 may be mounted on the battery
cells 10, so that the open bottom surface 1206 of the cover
120, 1.¢., the opening 120¢, faces the vent portions 13. Here,
the cover 120 may form a gas flow path connected to the gas
outlet 121 by coming 1n close contact with the battery cells
10.

According to this embodiment, the cover 120 1s formed to
have a slope, so the slope 1s formed 1n a space 1n which the gas
flow path 1s formed. Accordingly, gas can be etfectively and
rapidly exhausted through the sloped cover 120. As the rib
125 1s formed with a slope to compensate for the slope of the
cover 120, the entire battery module 100 1s flat, 1.e., without a
slope. Accordingly, 1n a case where a plurality of battery
modules 100 1s vertically arranged, 1t may be possible to
tacilitate coupling between the battery modules 100.

Referring back to FIGS. 1-2, the battery module 100
according to this embodiment may further include an 1nsu-
lating member 130 correspondingly positioned on the region
of the vent portions 13 between the cover 120 and the battery
cells 10. For example, the cover 120 may be formed 1n a shape
approximately corresponding to the insulating member 130
which will be described later. As described above, the cover
120 that covers the msulating member 130 may form a tlow
path of gas by coming in close contact with the insulating
member 130. The gas outlet 121 connected to the gas flow
path, so as to exhaust gas to the outside of the battery module
100, may be further provided at the one end of the cover 120.

As the charging/discharging of the battery cell 10 1s per-
formed, gas may be generated due to by-products of electrode
plates and an electrolyte, and the generated gas may be
exhausted through the vent portion 13. The gas 1s exhausted
through the gas outlet 121 provided to the cover 120, and the
gas outlet 121 may be formed 1n a T-shape. Spemﬁcally, the
T-shaped gas outlet 121 may protrude from the first end 120c¢
of the cover 120, so left and right sides of the gas outlet 121
are open to be perpendicular to the length direction of the
cover 120. Thus, the gas exhausted through the gas outlet 121
may be exhausted to the left and right sides, 1.e., through the
left and right sides of the T-shapes gas outlet 121, in parallel
with anendplate 111. Accordingly, the exhausted gas through
the gas outlet 121 has no intluence on, 1.¢., suificiently spaced
from, an adjacent battery module 100.

As 1llustrated 1 FIG. 1, 1n the battery pack 100 according
to this embodiment, a width of the insulating member 130,
¢.g., along the z-axis, may be wider than that of the cover 120.
In a case where the width of the msulating member 130 1s
narrower than that of the cover 120, the contact between the
cover 120 and the insulating member 130 may be insuilicient,
¢.g., not sulliciently tight, thereby causing potential gas leaks
between the mnsulating member 130 and the cover 120.

The insulating member 130 may be provided with a plu-
rality of openings respectively formed at portions corre-
sponding to the vent portions 13, and may be formed 1n a
single body. For example, the insulating member 130 may be
a gasket made of a heat-resistance material so as to prevent
leakage of gas. If the insulating member 130 1s not made of a
heat-resistant material, as the charglng/ discharging of the
battery cell 10 1s performed and heat 1s generated from the
battery cell 10, the plurality of battery cells 10 may discharge
high-temperature heat to surroundings thereof, thereby melt-
ing the msulating member 130 mounted on the battery cells
10. In a case where the 1insulating member 130 1s melted, the
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exhausted gas may leak due to a decrease in the sealing
between the msulating member 130 and the cover 120.

The insulating member 130 facilitates a tight assembly and
connection between the battery cells 10 and the cover 120.
For example, 11 an outer case of the battery cell 10 1s formed
of ametal and the cover 120 1s formed of a plastic resin, direct
contact between the battery cell 10 and the cover 120, 1.e.,
without the insulating member 130, may be suiliciently
tight, 1.e., the contact may be not easily performed, because
the battery cell 10 and the cover 120 are formed of different
kinds of materials. Further, the gas may leak through a portion
at which the contact 1s weak. In order to prevent such a
problem, a gasket, 1.e., the insulating member 130, may be
provided between the battery cells 10 and the cover 120,
thereby providing an improved sealing property between the
battery cells 10 and the cover 120.

In a case where the msulating member 130 1s provided in a
single body, the plurality of vent portions of the plurality of
battery cells 10 can be simultaneously sealed by the msulat-
ing member 130. In this 1mstance, the plurality of openings
respectively corresponding to the vent portions 13 may be
provided to the insulating member 130.

Referring to FIGS. 1-2, the battery cell 10 may include a
battery case provided with an opening and a cap plate 14 that
seals the opening. The battery case accommodates an elec-
trode assembly and an electrolyte. The electrode assembly
may include a positive electrode plate, a negative electrode
plate, and a separator interposed between these electrode
plates. Positive and negative electrode terminals 11 and 12
connected to the positive and negative electrode plates are
provided at both ends of the cap plate 14, respectively. The
positive and negative electrode terminals 11 and 12 may
protrude to the outside of the battery cell 10 from the cap plate
14. The positive and negative electrode plates that constitute
the electrode assembly generate energy through a reaction
between the electrode assembly and the electrolyte, and the
energy 1s transierred to the outside of the battery cell 10
through the positive and negative electrode terminals 11 and
12.

The vent portion 13 may be provided between the positive
and negative electrode terminals 11 and 12 of the cap plate 14.
The vent portion 13 serves as a path through which gas
generated in the inside of the battery cell 10 1s exhausted from
the battery cell 10 when the pressure of the gas 1s a predeter-
mined value or more. Thus, the vent portion 13 can prevent
the battery cell 10 from being broken by an internal pressure.

In this embodiment, the plurality of battery cells 10 may be
aligned 1n one direction. In this mstance, the battery cells 10
are aligned 1n parallel with one another, so that wide font
surfaces of the battery cells 10 are opposite to each other. For
example, the vent portion 13 may be provided at a central
portion of each of the battery cells 10, and the vent portions 13
may be approximately aligned on a straight line. The positive
and negative electrode terminals 11 and 12 of neighboring
battery cells 10 may be electrically connected to each other
through a bus-bar (not shown) formed of nickel or the like.

A housing 110 may include a pair of end plates 111 pro-
vided to be spaced apart from each other in one direction, and
a plurality of connecting members that connect the pair of the
end plates 111 to each other. The connecting member may
include side brackets 112 that connect side surfaces of the end
plates 111, and a bottom bracket 113 that connects the bottom
surfaces of the end plates 111. The plurality of battery cells 10
may be accommodated between the pair of the end plates 111.

The pair of the end plates 111 i1s provided to come in
surface contact with outermost battery cells 10, respectively.
Thus, the pair of the end plates 111 apply pressure to the
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inside of the plurality of battery cells 10. The side brackets
112 are connected to one and the other ends of the pair of the
end plates 111 so as to support both side surfaces of the
plurality of battery cells 10. In this instance, the bottom sur-
faces of the battery cells 10 may be supported by the bottom
bracket 113, and both ends of the bottom bracket 113 are
connected to the plurality of the end plates 111, respectively.

The plurality of the battery cells 10 supported by the end
plates 111, the side brackets 112 and the bottom bracket 113
may be aligned so that the positive and negative electrode
terminals 11 and 12 are alternately provided 1n the mside of
the housing 110. In this case, the plurality of battery cells 10
may be connected 1n series to one another using the bus-bars.
The connection structure and number of the battery cells 10
may be variously modified depending on a design of the
battery module 100.

A barrier 115 may be interposed between neighboring
battery cells 10. A spacer (not shown) 1s provided to the
barrier 115 so as to space apart the neighboring battery cells
10 from each other and to form a space between the battery
cells 10. Thus, 1t 1s possible to provide the movement path of
a coolant for cooling the battery cells 10.

According to this embodiment, the cover of the battery
module 1s formed to have a slope, so that a slope 1s also
formed 1n the space in which the gas flow path 1s formed.
Accordingly, the gas can be effectively and rapidly exhausted
through the sloped gas flow path. Although the cover has a
slope, arib 1s formed so as to compensate for the slope formed
at the cover, thereby enduring high pressure in exhaustion of
gas. Thus, the entire battery module 1s flat without a slope.
Accordingly, 1n a case where a plurality of battery modules 1s
vertically arranged, i1t 1s possible to {facilitate coupling
between the battery modules.

As described above, according to embodiments, 1t may be
possible to provide a battery module in which a slope 1s
formed 1n a space 1n which a gas tlow path 1s formed, so that
gas can be eflectively and rapidly exhausted. Further, it may
be possible to provide a battery module having improved
productivity, while effectively controlling gas generated from
a plurality of battery cells through a simplified working pro-
CEesS.

Example embodiments have been disclosed herein, and
although specific terms are employed, they are used and are to
be interpreted 1n a generic and descriptive sense only and not
for purpose of limitation. Accordingly, it will be understood
by those of skill in the art that various changes 1n form and
details may be made without departing from the spirit and

scope of the present mnvention as set forth 1n the following
claims.

What 1s claimed 1s:
1. A battery module, comprising:
a plurality of battery cells aligned in one direction, each
battery cell having a vent portion;
a cover covering the vent portions of the battery cells, the
cover 1including;
a gas outlet at a first end of the cover, and
a top surface having a slope extending from the first end
of the cover to a second end of the cover opposite the
first end; and
at least one rib on the top surface of the cover, the rib having
an increasing height from the first end of the cover
toward the second end of the cover, a distance between a
top surface of the rib and a bottom surface of the cover
being constant.
2. The battery module as claimed in claim 1, wherein a
bottom surface of the r1b faces the top surface of the cover and



US 8,652,666 B2

7

1s configured to compensate for the slope of the top surface of
the cover, a top surface of the rib being parallel with a bottom
surtace of the cover.

3. The battery module as claimed 1n claim 1, further com-
prising at least one reinforcing member on the top surface of
the cover and itersecting the at least one r1b.

4. The battery module as claimed in claim 1, wherein the
cover has a hexahedral shape with an opening in a bottom
surface, the bottom surface of the cover being opposite the top
surface and facing the vent portions.

5. The battery module as claimed in claim 4, wherein the
cover defines a gas flow path 1 fluid communication with the
gas outlet and vent portions of the battery cells, the gas flow
path being enclosed between the cover and the battery cells.

6. The battery module as claimed 1n claim 1, further com-
prising an insulating member on the vent portions, the 1nsu-
lating member being between the cover and the battery cells.

7. The battery module as claimed in claim 6, wherein the
insulating member 1s a single body overlapping the entire
cover and vent portions.

8. The battery module as claimed in claim 6, wherein the
insulating member has a plurality of openings at regions

corresponding to the vent portions.

9. The battery module as claimed in claim 6, wherein the
insulating member includes a heat-resistant materal.

10. The battery module as claimed in claim 6, wherein the
insulating member 15 a gasket.

11. The battery module as claimed in claim 1, further
comprising a housing configured to accommodate the plural-
ity of battery cells.
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12. The battery module as claimed 1n claim 11, wherein the
housing includes:

a pair of end plates spaced apart from each other, the
plurality of battery cells being positioned between the
end plates; and

at least one connecting member connecting the pair of the
end plates to each other.

13. The battery module as claimed 1n claim 12, wherein the
connecting member includes side brackets connecting side
surfaces of the pair of the endplates, and a bottom bracket
connecting bottom surfaces of the end plates.

14. The battery module as claimed 1n claim 1, wherein the
cover has a gradually decreasing height from the first end
toward the second end, the height being measured along a
direction normal to a plane of the vent portions.

15. The battery module as claimed 1n claim 1, wherein the
top surface of the cover faces away from the vent portions and
overlaps all the vent portions.

16. The battery module as claimed 1n claim 13, further
comprising an insulating member between the cover and the
vent portions, the insulating member being directly attached
to the cover, and the cover having a hollow interior in fluid
communication with the vent portions through openings 1n
the insulating member.

17. The battery module as claimed 1n claim 1, wherein the
top surface of the cover 1s sloped at a constant angle.

18. The battery module as claimed in claim 17, further
comprising a sloped rib on the top surface of the cover, the b
being sloped at the constant angle and positioned to comple-
ment the slope of the top surface of the cover.
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